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In this issue ofChemistry & Biology, Forsberg et al. (2015) show howmetagenomics and biological chemistry
can be combined to discover new classes of antibiotic resistance from soil metagenomes. The authors spe-
cifically reveal previously unseen resistance mechanisms and genes evident in soils, which will better inform
both environmental and clinical studies on antibiotic resistance.Increasing acquired antibiotic resistance
is among the greatest concerns for
continued human survival. Strong evi-
dence from clinical settings suggest anti-
biotics are simply becoming less effective
(Davies and Davies, 2010), which is
rooted in inadequate antibiotic steward-
ship in human and veterinary medicine
and expanding antibiotic resistance po-
tential across the environment (Knapp
et al., 2010). However, despite evidence
of a changing global resistome (Wright,
2007), environmental resistance studies,
such as in soils or water, have rarely
been directly used for the study of clinical
resistance because definitions and met-
rics of resistance often do not overlap
(Wellington et al., 2013).
There are various other reasons for this
disconnection, including parochial atti-
tudes among disciplines who study resis-
tance, but one of the main reasons is our
inability to link resistance-associatedmol-
ecules found in the environment, including
their genes, to specific antibiotic resis-
tance strains of medical interest (Dantas
and Sommer, 2012). The huge majority of
environmental microorganisms are not
easily grown on laboratory media (Stew-
art, 2012), whereas the main source of
data on resistant strains and genes comes
from culturable strains, often from the
clinic. As a consequence, the majority of
gene probes for qPCR gene quantification
in non-clinical studies have been based
on organisms and genes whose ‘‘natural’’
habitat is not the environment. Given the
huge diversity of resistance genes in
nature (Forsberg et al., 2014), it is not sur-
prising that early resistance gene probes
sometimes provided nonsense data in
environmental studies or, alternately,
genes from cultured, animal-associatedstrains (including humans) appear minor
in environmental resistomes.
A key to bridging this information gap is
deepening our understanding of resis-
tance variation and prevalence in the envi-
ronment. In their newwork, Forsberg et al.
(2015) provide a powerful demonstration
of how one can use a combination of
metagenomics and biological chemistry
to identify a new class of tetracycline
resistance genes and proteins based on
soil metagenomes. Their method and
observations are an excellent example
of how previously unseen forms of
resistance can be identified without
culturing—methods that might be lead to
future discoveries on broader resistance
biodiversity, but also on new resistance
mechanisms that will aid in understanding
resistance development in human and
other pathogens.
The work is noteworthy because it
helps fill a major knowledge gap on
the resistance potential for an ‘‘old’’ class
ofantibiotics; a gapevident inpastenviron-
mental resistance studies. As an example,
Peak et al. (2007) assessed tetracycline
resistance in animal feedlots and found
anomalous differences existed between
tetracycline ‘‘resistance’’ detected using
culturing versus qPCRmethods. They em-
ployed tetracycline resistance gene se-
quences from cultured isolates to develop
qPCR gene probes for use in the environ-
mental study (Smithetal., 2004),andsignif-
icantly higher resistance gene abundances
were quantified in waste lagoons at non-
organic versus organic feedlots. However,
in this work, tetracycline-resistant E. coli
also were isolated from the same lagoons
(but were not reported) and none of the >
1000 E. coli resistant isolates contained
any of the resistance genes used in theChemistry & Biology 22, July 23, 2015probing work. Interestingly, overall resis-
tance trends between organic and non-
organic feedlots was similar using gene
probe and culturing data, but clearly the
two detection methods were describing
very different versions of tetracycline
resistance.
Forsberg et al. (2015) show how this
gap can be alleviated. In their case, a
new family of tetracycline-inactivating en-
zymes, appropriately named tetracycline
destructases, was identified, which ex-
pands our arsenal for studying tetracy-
cline resistance in future environmental
and clinical studies, especially inexpen-
sive genetic screening methods, such as
qPCR, for the rapid quantification of resis-
tance potential. However, Forsberg et al.
go beyond this opportunity. Much of our
past and current environmental resis-
tance gene work has been based on
laboratory isolated strains (the ‘‘usual
suspects’’), but in reality, those strains
reflect a tiny fraction of the global resis-
tome. There are about 8000 well-
described, cultured bacterial species
(Achtman and Wagner, 2008), whereas
metagenomics and other data imply that
there are millions of strains that are not
seen (Stewart, 2012), which probably
contain a wide array of unknown genes
that might confer resistance of health
importance.
Therefore, the work by Forsberg et al.
(2015) is highly commended because it
shows how the knowledge gap between
global resistance potential and organisms
can be closed. It is especially useful
because such work will make it possible
for researchers to return back to previous
studies (if DNA are available) to assess
how such ‘‘new’’ resistance gene fam-
ilies might explain previously inexplicableª2015 Elsevier Ltd All rights reserved 805
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broadly causes antibiotic resistance and
where it might exist across nature (Pehrs-
son et al., 2013). Our environment is
hugely diverse and probably contains
many more unknown resistance genes
than are known; this work provides a
useful platform for discovering new resis-
tance genes, resistance mechanisms,
and maybe antibiotics in the future.
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Pictet-Spenglerases catalyze key condensation/cyclization reactions between aromatic ethylamines and
aldehydes in the biosynthesis of alkaloids. In this issue of Chemistry & Biology, Mori et al. (2015) report
the structural elucidation of a novel type of Pictet-Spenglerase involved in the biosynthesis of the b-carboline
alkaloids.The Pictet-Spengler reaction has pro-
vided chemists with an invaluable tool for
the synthesis of alkaloids and their
derivatives for over 100 years (Sto¨ckigt
et al., 2011). It involves an initial acid-
catalyzed condensation of a phenethyl-
amine or tryptamine derivative with an
aldehyde to generate an iminium ion.
A subsequent electrophilic aromatic
cyclization thenproduces a tetrahydroiso-
quinoline or tetrahydro-b-carboline ring
system, respectively (Figure 1). The reac-
tion also generates a stereogenic center
in cases where the aldehyde component
is not formaldehyde, and a great deal of
effort has gone into developing asym-
metric versions.
Given its importance in the chemical
synthesis of alkaloids, it is perhaps not
surprising to find that nature has also har-
nessed the power of the Pictet-Spengler
reaction in the biosynthetic routes to
these compounds. Well-characterized
examples of Pictet-Spenglerases include
strictosidine synthase that utilizes trypt-amine and the aldehyde secologanin
to generate 3a(S)-strictosidine (Maresh
et al., 2008; Ma et al., 2006) and norco-
claurine synthase that utilizes dopamine
and 4-hydroxyphenylacetaldehyde to
generate (S)-norcoclaurine (Figure 1) (Ilari
et al., 2009; Luk et al., 2007). Strictosidine
synthase is involved in the biosynthesis of
the monoterpenoid indole alkaloid family
that includes such important compounds
as vinblastine, strychnine, and quinine.
Norcoclaurine synthase is involved in the
biosynthesis of the benzylisoquinoline al-
kaloids that include codeine, morphine,
and berberine. The C domain of the non-
ribosomal peptide synthetase SfmC has
also been reported to catalyze iterative
Pictet-Spengler reactions in the biosyn-
thesis of saframycin A, although struc-
tural information on this enzyme is absent
(Koketsu et al., 2010). In this issue, Mori
et al. (2015) report the structural elucida-
tion of a new type of Pictet-Spenglerase,
McbB, which is involved in the biosyn-
thesis of b-carboline alkaloids (Moriet al., 2015). While the amine-containing
substrate in this reaction is provided by
L-tryptophan, the structure of McbB is
unrelated to that of either strictosidine
synthase or norcoclaurine synthase, and
thus it represents a novel evolutionary
answer to the answer of Pictet-Spengler-
ase catalysis.
The discovery of McbB began with
studies by Chen et al. (2013) on the
biosynthesis of the marinacarbolines
A-D by Marinactinospora thermotolerans.
Heterologous expression demonstrated
that three genes, mcbABC, were suffi-
cient to produce the marinacarbolines.
Of these genes, mcbB was responsible
for the construction of the b-carboline
core (Figure 1). Feeding experiments
with fluoro-tryptophan demonstrated
that the indole ring derives from L-trypto-
phan, and those with labeled acetate
were consistent with oxaloacetaldehyde
providing the remaining carbons. With
this information, the authors proposed a
mechanism that involves condensation
